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ABSTRACT  
The direct discharge of bathroom greywater (BGW) into water bodies without any treatment 
which contains xenobiotic organic compound (XOCs) due to the consumption of personal care 
products (PCPs) caused escalating concentrations of a broad range of pollutants in water bodies. 
Therefore, the aim of this study is to determine the type of physiochemical and XOCs in 
greywater result from the PCPs use in BGW. Next is to evaluate the efficiency of solar water 
distillation (SWD) to treat the bathroom greywater. The sample were taken from the direct 
discharge of Residential collage of Tun Fatimah bathroom activity, and treated with SWD to 
compare the concentration of greywater before and after the treatment. Based on Gas 
Chromatography Mass Spectrometry analysis, Methyl paraben was found in the BGW. 
Whereas the concentration before, 150 mg/L and after treatment by using SWD decreased to 
80 mg/L. For the greywater quality, the highest removal percentage for Biochemical Oxygen 
demand (BOD) is 62.3%, while for Chemical Oxygen demand (COD) is 81.41%. The peak 
percentage removal of Total Suspended Solid (TSS) is recorded at 46.15%. It is worth 
mentioning that bathroom greywater pH ranging from 6 – 7 which is neutral. Lastly, Dissolved 
Oxygen (DO) show a positive result which is in the range of 6 – 8 mg/L. The findings prove 
that the treatment of greywater using SWD technique can enhance the quality of greywater.  
 
Keywords: bathroom greywater, xenobiotic organic compound (XOCs), personal care product 
(PCPs), solar water distillation (SWD), physiochemical  
 
1.0 INTRODUCTION  
Greywater is the wastewater generated from the household’s activities such as laundry, 
showers, bathing, washing basins and kitchen sinks, except the toilet wastewater (black water) 
[7]. Greywater is divided into four sources such as bathroom, laundry, kitchen and mixed origin. 
Component of greywater are dirt, skincare product, tap water, detergents and food residue [26]. 
There are two types of greywater which are termed as light greywater or low strength greywater 
and dark greywater or high strength greywater. Greywater from bathroom including shower 
and tub is termed as light greywater while greywater from laundries, dishwasher and kitchen 
sink is called dark greywater [28]. Based on [16], greywater normally has low concentration of 
organic compound and microorganism content than domestic wastewater. Physical and 
chemical characteristics of greywater is similar to dilute sewage as it contains the same 
contaminants such as organic compounds, nutrients and pathogens and its ratio COD and the 
five-day BOD5 which is generally around 4:1 indicating a high chemical content [5]. The 
generated quantity of greywater is vary depending on the number of residents, their age, their 
water usage pattern and time, availability of water and lifestyle of household [4]. Greywater 
has been established to be a suitable candidate for water treatment system for reuse purposes 
[2]. Greywater contains xenobiotic organic compounds (XOCs) such as methyl paraben, 
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triclosan and linalool which should be treated before released to the environment. XOCs are 
organic compound that chemically man made that are impurities in the earth [19-23]. XOCs 
made up the chemical product in household such as soaps, shampoos, perfumes, preservatives, 
dyes and cleaners [6]. XOCs can be categorized into surfactants, fragrances and flavor, 
preservative and antioxidant, emulsifier, softener and plasticizers, UV filter and solvents [7]. 
XOCs highly toxic in nature [8] and can effect liver cancer and endocerin disruption while in 
aquatic life it can effect toxicity to algae species and also alters the bacterial communities 
composition [12]. 
 Personal care products (PCPs) are sources of XOCs because they are continually released 
into water bodies and aquatic environment [13]. Most of the PCPs contains XOCs such as 
galaxolide, limonene, linalool, hexylcinnamal, butylphenylmenthylpropional and tonalide [15, 
23]. Alkyl esters of p-hydroxybenzoic acid are also frequently used in PCPs [15]. Paraben such 
as methylparaben, ethylparaben, propylparaben and butyparaben which are commonly used as 
a preservative usually found in the PCPs such as shampoo, deodorant which can cause side 
effects to human. They are most commonly used on cream based products [24]. Eventhough 
parabens are biodegradable where the reaching values as high as 95%, they have been detected 
in effluents at concentrations up to 4 μg/L and in surface waters at concentrations up to 30 μg/L 
[20]. Methyl paraben may lead to skin and eye damage [25]. In order to reduce the concentration 
of methyl paraben in greywater, solar water distillation (SWD) is introduced in this study to 
reduce methyl paraben concentration. SWD is a method that separates the component of a 
substances from liquid mixture by separate evaporation and condensation [14]. [22] stated that 
the advantages of this solar distillation method is economical, eco-friendly and no conventional 
energy is needed. This water treatment method comprises of presenting water to sunlight 
specifically to improve the quality of the water. According [11], SWD is proven as efficient 
technique to remove impurities in water up to 99% yet still can be enhanced by increasing 
evaporation rate that is a combined effect of solar radiation, cover glass temperature, water 
contamination density, base plate absorptivity and provide additional heat by solar water 
preheating system. There are two different types of solar system that is active type and passive 
type. Active solar system use extra thermal energy is provide to the basin through an external 
mode to increase the evaporation rate but the passive solar system only use sunshine to 
evaporate without any power consuming. In passive solar system, the solar radiation is received 
directly to the basin and only use sunlight to increase the temperature of water that lead to 
evaporation that can help to treat the water [17] 
 
Table 1: Xenobiotic organic compound found in greywater with the concentrations (μg/L) 
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3.0 METHODOLOGY 
3.1 Bathroom greywater sampling 
The BGW samples were collected from residential collage of Tun Fatimah located at Universiti 
Tun Hussein Onn Malaysia. The sampling was done at two conservative days to gets its 
effluents trend and pattern. The samples were obtained using polyethylene terephthalate (PET) 
bottle through grab sampling method according to the standard procedure to ensure that all 
variations in effluent content are considered. The samples will be transported and analyzed 
according to standard methods within 24 hours to obtain the initial characteristics of the effluent 
samples. Sampling was done at one point for 2 times a day at 6-9 am and 5-8 pm. Samples were 
preserved within maximum storage according to the Standard Method of Examination of Water 
and Wastewater APHA (2012) to maintain the characteristic and condition of the sample water. 
For BOD5, COD, pH, turbidity and TSS immediate test were done after the samples were 
collected. 
 
3.2 Bathroom Greywater Characteristic 
The pH, temperature, BOD, COD, DO and TSS of BGW samples were assessed according to 
APHA, (2012). 
 
Figure 1: Measurement of pH, temperature, BOD, COD, DO and TSS 
 
3.3 Bathroom Greywater Extraction 
The BGW samples were extracted using liquid-liquid extraction method as described by [27] 
for GCMS analysis to determine the type XOCs present in the BGW samples. 
 
3.4 Solar Water Distillation design 
Design of SWD system was made from two empty plastic bottle of 1.5 litres connected with 
Polyvinyl chloride (PVC) pipe. One bottle was darkened using a black spray to enhance heat 
absorbtion which helps to increase the temperature of the sample the black bottle faster while 
the other bottle is left untouched [17]. The function of the other bottle were to collect the water 
vapor. The purpose of PVC pipe in the middle was to transfer the vapor from the dark bottle to 
the clear bottle. The bottle are sunk from 9 am until 5 pm. The result of the vapor from the 
water sample was taken and placed in a polyethylene bottle and tested in the lab. Each model 
produce 5.4 ml of steam. Each greywater sample use 24 models at 32 degrees. This design have 
helped to accelerate steam production. 
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4.0 RESULTS AND DISCUSSIONS 
4.1 pH Value 
Figure 3 shows the pH value of BGW from residential college of Tun Fatimah Collage before 
and after the treatment. The pH value for male block (MB) before treatment, both in the morning 
and evening was 6.22 while for the female block (FB), before treatment was 6.51 in the morning 
and 6.16 during evening. The highest pH value before treatment recorded was 6.51. The highest 
value result pH after treatment was 7 and that is from MB (am). The pH value after treatment 
for MB (pm) was 6.35 and for FB (am) was 6.51, lastly for FB (pm) was 6.16. Based from 
previous study by [9] the value pH was 7.6 and from the result is the pH is 7. Lastly, pH of 7 
shows that the neutral conditions on a scale of 0 mean that acidic while 14 mean that alkaline 
The pH value after the treatment were in the range of standard B effluent by Environment 
Quality Act 1974 for irrigation which the max pH is 9.Therefore the availability of these 
substances to aquatic organisms is not affected [3]. 
 
 
Figure 3: pH value of BGW from residential college of Tun Fatimah Collage 
 
4.2 Biochemical Oxygen demand (BOD) 
Figure 5 shows that the BOD concentration value before and after the SWD treatment. The 
BOD value before treatment for in MB (am) was 109.33 and MB (pm) was 108 while for the 
FB (am) was 132 mg/L and FB (pm) was 175.33 mg/L. The highest BOD concentration value 
was recorded at FB (am). Based from the graph, the highest value BOD after treatment was 94 
mg/l from MB (am) while the lowest value was 66.1 mg/L from FB (pm). According to [15] 
the concentration value of BOD was 68 - 120 mg/L. This different due to the different source 
of water which from the researched the type of water from bathroom and laundry. The removal 
percentage, the value is in the range of 14.02% to 62.3 % the value concentration after treatment 
were exceeded the standard B effluent discharged by Environment Quality Act 1974 for 
irrigation which is 50 mg/L. From this result, it shows that, SWD treatment is less effective in 
treating the BOD parameter. 
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Figure 5: BOD concentration at residential Tun Fatimah Collage 
 
4.3 Chemical Oxygen demand (COD) 
Figure 6 shows the COD value before and after the SWD treatment. The concentration COD 
value before treatment at MB (am), MB (pm), FB (am) and FB (pm) was 104 mg/L, 93.7 mg/L, 
104.73 mg/L and 71.2 mg/L. The different value of COD depends on amount of oxidize organic 
compounds in the sample. COD is to measure of total quantity of oxygen needed to oxidize all 
organic material into carbon dioxide and water. The COD values are always bigger than value 
BOD [3]. The highest value result COD after treatment was 85.33 mg/L that is from FB (am). 
The COD concentration value after treatment for MB (am) was 19.33 mg/L for MB (pm) was 
26.67 mg/L and lastly for FB (pm) was 17 mg/L. As studied by [2] , the concentration value of 
COD is 64 – 92 mg/L. there is a similarities concentration value of COD with previous studies. 
The removal percentage, the value is in the range of 18.52% to 81.41% the value concentration 
after treatment were not exceeded the standard B effluent discharged by Environment Quality 
Act 1974 for irrigation that is 100 mg/L. From this result, it shows that, SWD treatment is 
effective in treating the COD parameter. 
 
 
Figure 6: COD concentration at residential Tun Fatimah Collage 
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4.4 Total suspended solid (TSS) 
Figure 7 shows that the TSS concentration value before and after the SWD treatment. The TSS 
value before treatment for MB (am) and MB (pm) was 16 mg/L while for the female block 
before treatment in FB (am) was 13 mg/L and FB (pm) was 10 mg/L. The highest TSS 
concentration value was FB (am). Based from the graph, the highest value TSS after treatment 
was 15 mg/l from MB (am) while the lowest value was 7 mg/L from FB (pm). From previous 
study, chemical precipitates are considered a form of suspended solids. TSS are significant 
factor in observe water clarity. According to [2] the concentration of TSS is 20-50 mg/L. The 
removal percentage, the value is in the range of 6.25% to 46.15% the value concentration before 
and after treatment were not exceeded the standard B effluent discharged by Environment 
Quality Act 1974 for irrigation that is 100 mg/L. From this result, it shows that, SWD treatment 
is effective in treating the TSS parameter. The value of TSS after the treatment were change. 
 
 
Figure 7: TSS concentration at residential Tun Fatimah Collage 
 
4.5 XOCs in bathroom greywater 
From the result of GCMS analysis, methyl paraben was identified. Figure 8 illustrates the 
concentration of compounds before and after the SWD treatment. The removal percentage was 
calculated to check the SWD method efficiency to degrade this compounds. The concentration 
value before the treatment is 150 μg/L. As stated by [6] the concentration value was 26 μg/L. 
This concentration in previous study and the result value has slightly different due to different 
type of water that is domestic wastewater. While the concentration value after treatment is 
45μg/L. Concentration value after treatment were compared with the allowable limit. 
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Figure 8: concentration of methyl paraben 
 
5.0 CONCLUSIONS 
Upon completion of this project, the objectives were successfully achieved. The purpose 
technique is able to evaluate the efficiency of SWD to treat greywater sample. The parameter 
that has been checked in determining the characteristic of greywater are pH, dissolved oxygen 
(DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD) and lastly total 
suspended solid (TSS). There is four samples were collected to checked the characteristic of 
greywater sample such as male block during day (MB AM), male block during night (MB PM), 
female block during day (FB AM), and lastly female block during night (FB PM).The analysis 
shows that the greywater very effective in removing COD values. The highest percentage 
removal COD is 81.41%. While peak percentage removal for BOD is a 62.3%. The percentage 
removal for COD and BOD obtained in this researched verified that the SWD treatment is 
effective. 46.15% is the highest percentage removal for the total suspended solid. It worth 
mentioning that bathroom greywater pH value is ranging from 6-7 which is neutral. Dissolve 
oxygen show a positive result which is ranging from 6-8 resulting the bathroom greywater is 
acceptable. 
 The use of GCMS in determination of physiochemical and XOCs is one of the 
alternative way to determine the organic compounds in greywater. The first objective of this 
research is about to determine the type of physiochemical and XOCs in greywater result from 
the PCPs use in hostel. The data that obtained based on experiment that conducted in 
laboratory has detected that compound that consist in the greywater sample was methyl 
paraben with the concentration of 120 μg/L. While the greywater sample after the treatment, 
the compound that have been detected is methyl paraben with concentration of 50 μg/L. 
Based from this result, after compared the concentration of allowable XOCs in chapter 2, the 
concentration that contain in greywater were low. In conclusion, the methyl paraben 
concentration that released in the aquatic life is safe. 
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